3GPP TSG RAN WG1 #104b-e				                            R1-2103508
e-Meeting, April 12th – 20th, 2021
Agenda item:	8.1.2.4
Source:	LG Electronics
Title:	Enhancements on HST-SFN deployment 
Document for:	Discussion and Decision
Introduction
In the previous meeting, there were several agreements related to Rel-17 SFNed transmission as follows [1]. The rest of agreements are also captured in the relevant subsection in section 2. 
	Agreement
Scheme 1 is supported in Rel-17
· TRS is transmitted in TRP-specific / non-SFN manner
· DM-RS and PDCCH/PDSCH from TRPs are transmitted in SFN manner
· FFS other details
 
Agreement
For scheme 1 and SFN transmission of PDCCH support Variant E for QCL assumption in TCI state when TRS is used as source RS
 
Agreement
Two TCI states are supported for scheme 1 in FR2

Agreement
· Support MAC CE activation of two TCI states for PDCCH
· FFS other details

Conclusion
The decision on support of specification based TRP pre-compensation scheme for HST-SFN scenario to be made in RAN1#104-e-bis meeting. To facilitate RAN1 decision, companies are encouraged to provide evaluation results according to the agreed evaluation assumptions. The evaluations not compliant with agreed assumptions will not be considered by RAN1 in the decision process.



Discussion
Enhancements on PDSCH
In the previous meeting, there was a lot of discussion about switching of scheme 1 with Rel-16 MTRP schemes or with single TRP scheme, and the result of discussion is as follows.
	Agreement
For HST-SFN scenario:
· Support semi-static (RRC based) switching of scheme 1 (PDSCH) with 2a, 2b, 3, 4
· FFS all other details including RRC signaling, possible RAN4 impact (if any), etc.



One of the remaining issues is switching of scheme 1 with single TRP scheme. Dynamic switching of scheme 1 with single TRP scheme should be supported when a UE have capability of scheme 1 without defining additional UE capability to indicate support of dynamic switching. As discussed in the previous meeting, we should consider the need for fallback transmission from multi-TRP scheme to single TRP scheme, huge RRC signaling burst to configure scheme 1 or single TRP scheme for all UEs in switching zone. Several companies proposed to introduce a new UE capability of indicating the support of dynamic switching in the last meeting due to the increased UE complexity for dynamic switching. Dynamic scheme switching has been already possible in legacy system without defining UE capability on the support of it. Rel-16 MTRP scheme switching is one example. Another example is when different transmission scheme is indicated with different DCI formats in neighbor slots, e.g., DCI 1_1 and 1_0. Based on these aspects, it is not necessary to define a UE capability to indicate the support of dynamic switching.
Proposal #1: Support dynamic switching of scheme 1 with single TRP scheme without defining a UE capability to indicate the support of dynamic switching.

Regarding maximum number of transmission layers for scheme 1, supporting of at least two transmission layers can be a starting point. The UE is required to be equipped with a minimum of two Rx antenna ports [2]. So, gNB can provide higher throughput or robust channel coding by supporting at least two transmission layers. In addition, Rel-16 MTRP based URLLC schemes also support up to two transmission layers, so it is natural that Rel-17 scheme 1 supports at least two transmission layers.
Proposal #2: Support two transmission layers for scheme 1.

Dynamic switching of scheme 1 with Rel-16 MTRP 1a scheme should be supported. When we consider DMRS overhead, scheme 1 should be based on DMRS port(s) in the same CDM group for >1 layers. In addition, it was agreed to support semi-static switching of scheme 1 with Rel-16 MTRP URLLC schemes in the previous meeting. As a result, conventional switching method for Rel-16 MTRP schemes can be naturally reused. That is dynamic switching of one of URLLC schemes with 1a based on the number of CDM groups can be reused for dynamic switching of scheme 1 with 1a.
Proposal #3: Support dynamic switching of scheme 1 with Rel-16 MTRP 1a scheme.

Regarding TRP-based scheme, there was a lot of discussion about whether to support specification based TRP-based scheme in the previous meeting. Regarding this issue, overhead increase of UL signal should be considered in addition to realistic assumptions for performance evaluation, e.g. Doppler estimation accuracy and latency to apply pre-compensation value. In order to support pre-compensation at gNB, pre-compensation value for each UE is required and this may cause significant overhead increase of UL signal. As an example, gNB can configure the same periodicity as SSB transmission for SRS transmission of UE in order to have the same pre-compensation value update periodicity as the periodicity in which the UE updates DL Doppler shift value from SSB. For the case of maximum periodicity of SSB transmission, i.e., 160ms, about 0.04% slots in that duration should be used for SRS transmission of a UE with 15 kHz subcarrier spacing. Assuming 100 UEs in a cell, about 4.5% slots are required for gNB to update pre-compensation value of each UE. As a result, it is not clear TRP-based scheme can provide better performance than UE-based scheme. If TRP-based scheme is introduced based on link-level performance gain despite impact to UL signalling overhead, one of the issues is how to indicate DL Doppler shift to gNB. Figure 1 shows Doppler shift compensation at TRPs.  
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Figure 1. Doppler shift compensation at two TRPs
If DL Doppler shift is compensated at a specific TRP by using difference between TRPs as shown in Figure 1, then gNB can compensate DL Doppler shift by gNB implementation. Consequently, in order to avoid unnecessary specification impact, pre-compensation for DL Doppler shift should be based on gNB implementation without having specification enhancement. 
 Proposal #4: If TRP-based scheme is supported, Doppler shift pre-compensation for PDCCH/PDSCH should be based on gNB implementation without having specification enhancement.

Enhancements on PDCCH
As described in our companion’s contribution [3], the UE behaviors for default beam, i.e., QCL TypeD indication method, and BFD, i.e., TRP-specific BFD, should also be discussed for the case that two TCI states are configured for a CORESET. Firstly, for the discussion of default beam behavior, three cases can be considered as follows. 
- Case1: For DCI format not having the TCI field
- Case2: For less scheduling offset for PDSCH than the threshold timeDurationForQCL
- Case3: For less scheduling offset for AP CSI-RS than the threshold beamSwitchTiming-r16
Based on the current specification, default beam behavior using the QCL parameter(s) of a CORESET is defined for the cases. So, the UE behavior should be clarified for the case when two TCI states are configured for the CORESET. Since two TCI states are applied to the SFNed PDCCH scheduling a PDSCH, QCL assumption(s) for the PDSCH can follow one of the two or both in Case 1. Specifically, if a PDSCH is transmitted from STRP, QCL assumption(s) for the PDSCH should be one of the two TCI states configured to scheduling PDCCH. However, if a PDSCH is transmitted from MTRP such as Rel-16 MTRP TDM scheme A/B, QCL assumptions for the PDSCH should follow both TCI states configured to scheduling PDCCH. To this end, a UE first needs to know whether PDSCH from MTRP or from STRP when TCI field is not present in a scheduling DCI. It can be done by using conventional conditions to determine Rel-16 MTRP PDSCH scheme except for the number of TCI states indicated by TCI field. For example, if repetitionNumber-r16 in TDRA field is indicated and the number of indicated DMRS CDM group is one, then UE assumes MTRP TDM scheme B for PDSCH and uses two TCI states configured to scheduling PDCCH to receive PDSCH. Regarding Case 2/3, TCI state(s) used for PDCCH also can be reference QCL source RS(s) for PDSCH/AP CSI-RS, so QCL assumption(s) for PDSCH/AP CSI-RS can follow one of the two or both in Case 2/3. Based on the current specification, for Case 3, simple method is to use the first one of two TCI states for AP CSI-RS. For Case 2, if a UE is configured with enableDefaultTCIStatePerCoresetPoolIndex and the UE is configured by higher layer parameter PDCCH-Config that contains two different values of coresetPoolIndex in different ControlResourceSets, one of two TCI states of CORESET in the same coresetPoolIndex should be used for the PDSCH reception because only one default beam can be used per coresetPoolIndex. Otherwise, both TCI states of CORESET can be used for the PDSCH reception.
Proposal #5: Clarify the UE default beam behavior for the case when two TCI states are configured for a CORESET.

Secondly, the UE behavior regarding beam failure for the case when two TCI states are configured for a CORESET should be discussed and clarified. The issue is related to relationship between BFD RS sets and two TCI states configured for a CORESET. The UE should know how to use two TCI states for BFD. For example, if TRP-specific BFD is supported, two TCI states can be related to different TRPs. So, mapping rule between TCI state and TRP should be clarified. If the 1st and 2nd TCI state of the CORESET corresponds to TRP 1 and 2, respectively, 1st TCI state needs to be included in BFD RS set for TRP 1 but 2nd TCI state should be included in BFD RS set for TRP 2. For legacy BFD, i.e. for Rel-15/16 BFR, it should also be clarified whether both TCIs should be included as BFD RSs considering UE complexity on BFD/RLM. 
Proposal #6: Clarify the BFD behavior for Rel-17 BFR and for Rel-15/16 BFR when two TCI states are configured for a CORESET.

For SFN based M-TRP PDCCH transmission, in addition, PDCCH monitoring behavior in case of colliding multiple CORESETs with different QCL type-D should be carefully investigated. For example, if only one of two QCL type-D properties of SFNed CORESET is the same as monitoring CORESET, PDCCH from the SFNed CORESET should not be transmitted in SFN manner, which means dynamic fallback to non-SFN transmission. 
Proposal #7: Clarify UE behavior when CORESET with multiple QCL type-D RSs is overlapped with another CORESET(s).

Conclusion
In this contribution, we discuss on enhancements on HST-SFN deployment and propose the following based on the discussion.
Proposal #1: Support dynamic switching of scheme 1 with single TRP scheme without defining a UE capability to indicate the support of dynamic switching.
Proposal #2: Support two transmission layers for scheme 1.
Proposal #3: Support dynamic switching of scheme 1 with Rel-16 MTRP 1a scheme.
Proposal #4: If TRP-based scheme is supported, Doppler shift pre-compensation for PDCCH/PDSCH should be based on gNB implementation without having specification enhancement.
Proposal #5: Clarify the UE default beam behavior for the case when two TCI states are configured for a CORESET.
Proposal #6: Clarify the BFD behavior for Rel-17 BFR and for Rel-15/16 BFR when two TCI states are configured for a CORESET.
Proposal #7: Clarify UE behavior when CORESET with multiple QCL type-D RSs is overlapped with another CORESET(s).
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